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Spinal cord injury (SCI) substantially increases the risk of neurogenic obesity, diabetes, and metabolic syndrome. Much like in 
the general population, a discussion of these syndromes in SCI would be incomplete without acknowledging the association 
of SCI with sleep-disordered breathing (SDB). This article will outline the interplay between obesity and obstructive sleep 
apnea (OSA), discussing the pathophysiology of obesity in OSA both for the general population and SCI population. The 
role of insulin resistance in SDB and SCI will also be examined. The epidemiology and pathophysiology of OSA and central 
sleep apnea in SCI are discussed through an examination of current evidence, followed by a review of central sleep apnea 
in SCI. Principles of diagnosis and management of SDB will also be discussed. Because sleep deprivation in itself can be 
a risk factor for developing obesity, the significance of comorbid insomnia in SCI is explored. Ultimately, a thorough sleep 
history, testing, and treatment are key to improving the sleep of individuals with SCI and to potentially reducing the impact 
of neurogenic obesity and metabolic syndrome. Key words: central sleep apnea, insulin resistance, metabolic syndrome, 
obesity, obstructive sleep apnea, sleep apnea syndromes, spinal cord injuries
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Evidence increasingly shows that adults with 
spinal cord injury (SCI) are at a higher risk of dis- 
orders related to metabolic syndrome. The 
physiologic changes that often occur after SCI, 
including insulin resistance, obesity, and reduced 
activity, have been described in detail, including in 
this issue of Topics in Spinal Cord Injury Rehabilitation. 
One important disease that is increasingly 
recognized as a comorbidity of metabolic syndrome 
and obesity is sleep-disordered breathing (SDB).  

Overview of Obstructive Sleep Apnea 

Obstructive sleep apnea (OSA) is the most 
common type of SDB. It occurs as a result of a 
repetitive partial or complete obstruction of the 
upper airway, resulting in reduced airflow that 
leads to oxygen desaturations and, in the most 
severe cases, hypercapnia.1 Apnea is defined as 
a complete airway collapse for more than 10 
seconds. Hypopnea is an airflow reduction of 30% 
or more with accompanying oxygen desaturation. 
SDB is confirmed when five or more abnormal 
breathing events occur per hour of sleep.2 These 

events cause multiple microarousals overnight, 
oftentimes resulting in excessive daytime sleepiness. 
Moreover, OSA is associated with many serious 
long-term complications, including increased risk 
of hypertension, cardiovascular disease, congestive 
heart failure, stroke, and increased mortality.1

The prevalence of obesity in the general adult 
population is currently approximately 40% but 
varies by age group.3 It is estimated that about 3% 
to 7% of adult men and 2% to 5% of adult women 
have OSA, though there is concern that this is 
significantly underreported by as much as 80% in 
moderate and severe cases of SDB, which would 
be defined as an apnea-hypopnea index (AHI) of 
more than 16 episodes of apnea or hypopnea per 
hour of sleep.1,2,4 In the general population, obesity 
is defined based on body mass index (BMI), with 
30 to 35 being class 1 obesity (mild), 35 to 40 
(moderate), and more than 40 (severe).3 Obesity 
has been identified as one of the most important 
risk factors for sleep apnea. Not only has morbid 
obesity been shown to result in very high OSA 
prevalence – between 40% and 90% – but even mild 
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and moderate obesity have resulted in increases in 
prevalence.5,6,7 The pathophysiology is often related 
to increased central obesity; in particular, adiposity 
of the neck can increase the risk of upper airway 
collapse during sleep, leading to OSA.8 Neurogenic 
obesity is the accumulation of adipose tissue due to 
physiologic changes after SCI.9 Though neurogenic 
obesity in SCI is not well studied, it is estimated that 
about two-thirds of individuals with SCI are obese.10 

The use of the traditional BMI calculation to define 
obesity is discouraged in individuals with SCI due 
to differences in body composition compared to the 
general population.11 With the larger prevalence of 
obesity in the SCI population, it could be postulated 
that there also exists a high prevalence of OSA.

Insulin resistance and type 2 diabetes are 
frequently comorbid with OSA. OSA is believed to 
worsen insulin resistance.6 Diabetes is defined by a 
glycosylated hemoglobin (HbA1c) of greater than 
6.5, a measure of glycemic control over the prior 
3 months. The overall prevalence of OSA in the 
diabetic population is approximately 17%, much 
higher than the 6% in the general population.12 Even 
those with obesity and prediabetes (Hgb A1c of >5.7 
but <6.5) are twice as likely to have OSA as those 
with obesity without diabetes.13 In a meta-analysis 
examining almost 6000 patients in prospective 
cohort studies with OSA, 5.5% had diabetes, with 
higher incidences in those with worsening OSA 
severity.14 Some studies that have sought to diagnose 
OSA have shown that as many as 95% of patients 
with diabetes had elevated obstructive AHI on 
polysomnogram.15 While this correlation has been 
widely observed, treatment of OSA with continuous 
positive airway pressure (CPAP) has not been found 
to reduce HbA1c, suggesting that either the impact 
is not reversible or that the two are correlated but 
not necessarily causative.16 To date, no studies have 
investigated if such an association between diabetes 
and sleep apnea exists specifically in individuals 
with SCIs.

Epidemiology of Obstructive Sleep Apnea in SCI

Even though the literature currently lacks data 
connecting various aspects of metabolic syndrome 
to OSA in SCI, given the shared epidemiologic risk 
factors in OSA and SCI, there is a high prevalence 
of OSA in individuals with SCI. As early as 1982, 

researchers sought to determine whether oxygen 
desaturation during sleep was a significant problem 
in individuals with SCI. Braun et al. examined 11 
hospitalized patients, seven of whom had cervical 
complete SCIs. Two of 11 patients desaturated 
below 90% during sleep. One patient with a thoracic 
SCI desaturated below 80% during sleep. Braun’s 
group found a correlation between age and oxygen 
desaturation. They did not assess for a correlation 
between BMI and oxygen desaturation. Ultimately 
they concluded that desaturation during sleep was 
not significantly worse than in the able-bodied 
population. Of note, this study occurred relatively 
early on in the recognition of the existence of sleep 
apnea (the term “sleep apnea” was not even used in 
this study).17 

A brief case series published in 1990 that 
described the impaired sleep of four individuals 
with SCI found that all of them were eventually 
diagnosed with OSA. Three had tetraplegia, and 
one had paraplegia.18 A study examining older 
individuals with chronic SCI found that 45% of 22 
patients studied had sleep apnea.19 This parallels 
trends in the general population that show that 
OSA increases during middle age.1 

In 1998, Klefback et al. studied 33 subjects with 
cervical SCI, finding a prevalence rate of OSA of 
15%.20 In 2000, Burns et al. reported that 40% of 
20 individuals with chronic SCI had sleep apnea, 
with a trend toward increased prevalence in those 
with tetraplegia.21 This is consistent with Klefback’s 
study that showed that the American Spinal Injury 
Association (ASIA) motor score was inversely 
correlated with severity of sleep apnea.20 Burns later 
retrospectively analyzed male military veterans 
with SCIs. Of 584 patients, 9% had previously been 
diagnosed with sleep apnea: 14.9% of those with 
tetraplegia, and 3.7% of those with paraplegia. 
Additionally, obesity and higher cervical injuries 
were associated with sleep apnea. However, this 
study concluded that the number of cases was likely 
underestimated due to its retrospective nature.22

A study in 2017 examined 41 patients with 
cervical SCIs, conducting polysomnography to 
identify OSA. Of those patients, 53% were diagnosed 
with OSA. Three metrics were predictive of a 
positive test for OSA, including excessive daytime 
sleepiness, more than three awakenings per night, 
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and a BMI greater than 30 kg/m2. While excessive 
daytime sleepiness and multiple awakenings could 
be considered consequences of OSA, obesity was 
the only correlate that could be considered a cause 
of OSA.23 In another study, Bauman et al. sought to 
evaluate the value of home-based diagnostic testing 
for sleep apnea in individuals with SCI from C1 to 
T6. In that study, 81.3% of patients were diagnosed 
with OSA.24

Pathophysiology of Obstructive Sleep Apnea  
in SCI 

The pathophysiology of OSA in SCI is likely 
multifactorial. Given the increase in obesity, 
insulin resistance, and metabolic syndrome after 
SCI, there is likely an increased risk of developing 
OSA. With regard to obesity, both waist and neck 
circumference have been reported to increase after 
tetraplegia, contributing to the notion of increasing 
central obesity in individuals with SCI.25,26 It has 
also been suggested that there is a relationship 
between abdominal girth and sleep apnea. Other 
studies have also confirmed a link between obesity 
in SCI and OSA.22,27 

It has been suggested that unopposed 
parasympathetic stimulation could result in 
increased mucosal thickening that may play a 
role in exacerbating sleep apnea.28 Additionally, 
parasympathetic predominance can result in 
increased secretions after SCI, which may also lead 
to reduced airway patency.29

Although many of the metabolic changes are 
considered longer term physiologic changes, it 
has been shown that SDB develops in over half of 
individuals with tetraplegia within 2 weeks after a 
SCI, increasing from approximately 10% preinjury 
to 60% within 2 weeks. That number did increase 
to 83% by 13 weeks, however it returned to 62% by 
1-year postinjury.26 This suggests that several other 
mechanisms play a role in OSA in individuals with 
SCI resulting in such a subacute change. Weakened 
muscles of respiration, lack of rib cage afferent 
signals, discoordination of the respiratory muscles, 
and decreased lung volumes all likely play a part.30 
One study compared the airway anatomy between 
individuals with tetraplegia, able-bodied subjects 
without OSA, and able-bodied subjects with OSA, 
using MRI. It found that airway muscle movement 

was most similar between those with tetraplegia 
and able-bodied subjects with OSA, further 
reinforcing the importance of airway dynamics and 
negative pressure on development of OSA in those 
with SCI.31 The use of different neurodepressants 
such as benzodiazepines has also been implicated, 
both in early SCI26 and in the general population.32 

However, one study in SCI showed no association 
between OSA and use of either benzodiazepines 
or baclofen.23 Further research is warranted to 
study the impact of different medications and SCI 
comorbidities on obstructive sleep apnea.

It has also been postulated that changes in 
ventilatory control may contribute to SDB in SCI. 
Physiologic changes after SCI, such as a reduced 
genioglossus reflex to protect the airway or 
hypoventilation resulting in decrease CO2 reserve, 
could potentially increase the risk of SDB, however 
these hypotheses have not been validated in large 
studies.33

Central Sleep Apnea in SCI

Central sleep apnea (CSA) is a prominent area 
of concern in individuals with SCI. Studies have 
identified similarities in the pathophysiology of 
OSA and CSA, and therefore the two may exist 
simultaneously.34 CSA originates from several 
etiologies that result in the disruption of the motor 
control of ventilation. These include transient 
hypocapnia and decreased brainstem output.34 
Additionally, supraspinal neural plasticity rostral 
to cervical spinal injuries can result in impaired 
respiratory motor control.35 Pharyngeal narrowing 
can also occur during CSA, resulting in a concomitant 
obstructive picture.36 Although the impact of such 
changes in the motor control of respiration may 
be negligible in those who are healthy, those with 
preexisting impairment in respiratory mechanics 
due to SCI may be at a higher risk of developing 
symptoms of CSA.34 Several factors may lead to an 
increased risk of CSA, including changes to chest 
wall mechanics, impaired cough, and other airway 
disease.37 Adding to this, several of the medications 
used to control spasticity and pain in SCI have 
central nervous system depressant effects and thus 
may potentiate CSA.34,38,39

In a study by Sankari et al., 77% of patients with 
chronic SCI had AHIs greater than 5, indicating 



Sleep-Disordered Breathing and Neurogenic Obesity        87

SDB. The prevalence was higher in individuals 
with cervical injuries (93%) compared to thoracic 
injuries (55%), and it was noted that central sleep 
apnea (defined as both AHI and central apnea index 
greater than five events per hour of sleep) was twice 
as common in the cervical injuries compared to the 
thoracic injuries.38 On the other hand, in the study 
by Bauman, 23.8% of patients had CSA, but level of 
injury was not delineated.24 Thus, similar to OSA, 
even though some studies have shown a correlation 
between level of SCI and risk of CSA, more research 
is warranted. With respect to medication impacts 
on CSA, one study did not show evidence that the 
use of opiates resulted in CSA.38 Another study 
suggested that baclofen may increase the risk of 
CSA.24

 
Diagnosing and Treating SDB in SCI

Polysomnography (PSG) is the primary method 
for diagnosis of SDB, with a trend toward at-home 
studies to reduce barriers to initiating treatment.40-42 
Although a traditional lab-based PSG is the gold 
standard, functional limitations may make it 
difficult for those with SCI to participate in such a 
test. Studies have found at-home PSG testing to be a 
reliable alternative in the diagnosis of sleep apnea in 
individuals with SCI.24 It is also helpful to evaluate 
the impact of the sleep disorder through validated 
instruments like the Epworth Sleepiness Scale,43 
the STOP-BANG,44 and the Berlin Questionnaire.45 
Actigraphy has been used to assess nighttime 
awakenings in able-bodied subjects, however, it has 
not been adequately studied in those with paralysis.

Much like in the general population, the gold 
standard treatment for OSA and CSA is noninvasive 
positive airway pressure with either CPAP or bilevel 
positive airway pressure (BiPAP).46 When one 
small cohort of eight patients with SCI was offered 
CPAP, only two tolerated it, and its use resulted in 
improved daytime alertness.21 In a later study by 
the same researcher, 80% of individuals with SCI 
and OSA were offered CPAP; 63% of those offered 
were compliant with CPAP, resulting in improved 
symptoms.47 

There are other potential treatments for sleep 
apnea, including dental appliances, hypoglossal 
nerve stimulation, phrenic nerve pacing, and other 
surgical procedures,46,48 however, they have not been 

adequately studied in SCI. Good sleep hygiene49 
and weight loss through healthy eating and exercise 
is helpful in many disorders related to metabolic 
syndrome, and OSA is no exception.50

 
Sleep Deprivation and Metabolic Changes in SCI

Not only can metabolic syndrome lead to sleep 
disorders, but sleep deprivation is known to be a 
risk factor for obesity and diabetes.51 Therefore, 
sleep hygiene should be evaluated when assessing 
any patient.52,53 Changes in several hormones have 
been observed with sleep deprivation, including 
increased cortisol51 and increased thyroid 
hormone.54 Studies have identified an increase in 
ghrelin levels and decrease in leptin levels with 
sleep deprivation. Ghrelin is known to increase 
hunger and it spikes before a meal, whereas leptin 
increases with satiety.55 The increased ghrelin and 
decreased leptin levels seen in sleep deprivation can 
therefore result in increased caloric intake, making 
it an important driver of obesity.52 Given the already 
reduced resting metabolic rate of individuals with 
SCI,11 it is all the more imperative to acknowledge 
the presence of other sleep disorders that can cause 
sleep deprivation and thus play a role in increasing 
caloric intake and worsening metabolic disease. 

Insomnia disorder is defined as a complaint 
of dissatisfaction with sleep quantity or quality.56 

Comorbid insomnia, which is insomnia related 
to other conditions such as mood disorders and  
pain syndromes, has been described in many 
with SCI.19-21,29 In one large study, one-third of 
individuals with SCI reported sleep difficulties.57 
Patients reported both trouble falling asleep as well 
as poor sleep, despite sleeping for longer periods 
of time compared to average sleep durations in the 
general population.58 Several SCI-related factors 
can disrupt sleep for these patients. Pain has been 
found to be a driving factor; one study found that 
pain intensity was directly correlated to subjectively 
worsened sleep quality, anxiety, and depression.59 
Another study identified spasticity, neuropathic 
pain, and nociceptive pain as drivers of poor sleep 
after SCI.58 

Additionally, one study also found that after SCI, 
the amount of time spent in different sleep stages, 
known as sleep architecture, can change, leading to 
less restful sleep.60 Furthermore, opioids, which are 
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often used in SCI, can alter sleep architecture.61 In 
addition to these intrinsic factors, several aspects 
of SCI care may result in frequent awakenings 
overnight. For example, patients are counseled 
to adjust their positions in bed every 2 hours to 
prevent pressure injuries. Many with neurogenic 
bladder are advised to catheterize every 4 to 6 hours 
to avoid urinary retention. 

Other sleep disorders have been characterized 
after SCI, including periodic leg movements and 
circadian rhythm disorders.33 Similar to comorbid 
insomnia, through sleep disruption, they may 
potentiate the risk of developing metabolic 
syndrome; however, no studies have examined the 
relationship in SCI.

Conclusion

Metabolic syndrome, obesity, and insulin 
resistance are significant problems in persons with 
SCI. Not only can all of these factors substantially 
increase the risk for OSA, but an SCI itself can 
increase the risk of SDB and comorbidities that can 
lead to insomnia. Consequentially, having such sleep 
disorders can also exacerbate metabolic syndrome 
and obesity, leading to a potentially vicious cycle 
that should be addressed by clinicians caring for 
individuals with SCI. Although there is a growing 
body of literature demonstrating the relationship 
between SDB and SCIs, there are still gaps in the 

literature, with a reliance on extrapolating studies 
about metabolism, metabolic syndrome, and sleep 
from the general population. 

When evaluating a patient with SCI and 
metabolic syndrome, a detailed sleep history should 
be obtained to assess sleep hygiene and potential 
sleep disorders, including assessment of premorbid 
sleep dysfunction. Clinicians should have a 
higher index of suspicion in older patients and in 
those who sustain cervical SCIs. Using one of the 
instruments mentioned previously may be helpful. 
Consideration for consulting a sleep specialist 
should be made. To diagnose sleep disorders, 
diagnostic workup should include PSG, whether it 
be in a sleep laboratory or at home. If a patient is 
diagnosed with a sleep disorder, treatment options 
should be offered to the patient, most importantly, 
noninvasive positive airway pressure therapies. 
Special attention should be paid to the medications 
and routines of the patient with SCI to minimize the 
potential for SDB, optimize pain relief, and reduce 
overnight awakenings. A comprehensive focus 
on sleep can hopefully improve the overall health 
and quality of life of the individual with SCI and 
potentially reduce the impact of the vicious cycle of 
neurogenic obesity and SDB in SCI.
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